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1
ILLUMINATION DEVICE

BACKGROUND

Technical Field

The invention generally relates to an optical device and,
in particular, to an illumination device.

Description of Related Art

In 3D sensing, to determine the depth of an object, the
illumination devices that project dot patterns or/and diffused
light patterns (flood patterns) are usually needed. In some
applications that use time-of flight for 3D sensing, to
enhance the depth accuracy, both the dot and the flood
patterns are required.

For dot pattern, the principle of the 1llumination device for
3D sensing 1s usually to produce a specific light pattern by
using the interference of the light passing through the
light-shape generating element. The light-shape generating
clement, for example, 1s grating or microlens array. How-
ever, due to the optical aberration of the lens element itself,
the quality of the light pattern produced by the 1llumination
device 1s usually poorer when the light-shape generating
clement 1s microlens array. On the other hand, for flood
pattern, the interference of the light may cause stripe 1ssue.

SUMMARY

Accordingly, the mvention 1s directed to an illumination
device, the structure of which facilitates producing light
pattern with higher quality.

According to an embodiment of the imvention, an 1llumi-
nation device including a light source array and a microlens
array 1s provided. The light source array includes a plurality
of light sources arranged in an array. The microlens array
includes a plurality of microlenses arranged 1n an array. The
illumination device satisfies the following conditional
expressions so as to produce structured light: z=z0+dz and

z0=(m/2)*(P*/)\), where z is a distance between the light

source array and the microlens array along a central axis of

the microlens array, P i1s a lens pitch of the microlens array,
A 1s a wavelength of the light sources, m 1s an integer and
m' 1s a non-1nteger number. The 1llumination device satisfies
1%=dz/z0=5% or —5%=dz/z0=-1%.

According to an embodiment of the imvention, an 1llumi-
nation device including a light source array and a microlens
array 1s provided. The light source array includes a plurality
of light sources arranged in an array. The microlens array
includes a plurality of microlenses arranged 1n an array. The
illumination device satisfies the following conditional

expressions so as to produce flood light: z=z0+dz and
z0=(m/2)*(P*/\), where z is a distance between the light
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source array and the microlens array along a central axis of 55

the microlens array, P i1s a lens pitch of the microlens array,
A 1s a wavelength of the light sources, m 1s an integer and
m' 1s a non-integer number. The 1llumination device satisties
3%<dz/z0=<20% or —20%=dz/z0<-5%.

According to an embodiment of the imnvention, an 1llumi-
nation device mcluding a first sub-1llumination device and a
second sub-1llumination device configured to produce flood
light 1s provided. The first sub-i1llumination device includes
a first light source array and a first microlens array. The {first
light source array includes a plurality of first light sources
arranged 1n an array. The first microlens array includes a
plurality of first microlenses arranged 1n an array. The first

60

65

2

sub-1llumination device satisfies the following conditional
expressions so as to produce structured light: z1=20+dz and
z0=(m/2)*(P11%/A1), where z1 is a distance between the first
light source array and the first microlens array along a
central axis of the first microlens array, P11 1s a lens pitch
of the first microlens array, Al 1s a wavelength of the first
light sources, m 1s an integer and m' 1s a non-integer number.
The first sub-1llumination device satisfies 1%=dz/z0<5% or
-5%=dz/7z0=-1%. The second sub-illumination device
includes a second light source array and a second microlens
array. The second light source array includes a plurality of
second light sources arranged in an array. The second
microlens array includes a plurality of second microlenses
arranged 1n an array.

Based on the above, because the i1llumination device 1n an
embodiments of the disclosure satisfies the conditional
expressions of z=z0+dz and z0=(m/2)*(P*/)) and the illu-
mination device further satisfies 1%=dz/z0<3% or —5%=dz/
70=—1%, when the optimal dz 1s chosen, the illumination
device could produce structured light pattern with higher
quality.

Furthermore, because the illumination device 1n an
embodiments of the disclosure satisfies the conditional
expressions of z=z0+dz and z0=(m/2)*(P>/\) and the illu-
mination device further satisfies 3%<dz/z0=<20% or
—20%=dz/z0<-5%, when the optimal dz 1s chosen, the
illumination device could produce tlood light pattern with
higher quality.

Moreover, because the 1llumination device 1n the embodi-
ments of the disclosure includes first sub-1llumination device
and second sub-1llumination device, the first sub-1llumina-

tion device satisfies the conditional expressions of z1=z0+dz

and z0=(m/2)*(P11°/A1), and the first sub-illumination
device further satisfies 1%=dz/z0<5% or -5%=dz/7z0<=-1%,

when the optimal dz 1s chosen, the illumination device could
both produce structured light pattern with higher quality and
produce flood light with higher quality.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
illustrate exemplary embodiments of the disclosure and,
together with the description, serve to explain the principles
of the disclosure.

FIG. 1 1s a schematic cross-sectional view of an 1llumi-
nation device according to a first embodiment of the inven-
tion.

FIG. 2 1s a broken line graph of average dot si1ze vs. dz of
the 1llumination device according to the embodiments of
FIG. 1.

FIG. 3 1s an example of a structured-light pattern pro-
duced by the illumination device i FIG. 1.

FIG. 4 1s an example of a simulated spot diagram pro-
duced by one of the microlenses of the i1llumination device
in FIG. 1 when the microlens 1s convex lens.

FIG. 5 1s an example of a simulated spot diagram pro-
duced by one of the microlenses of the illumination device
in FIG. 1 when the microlens 1s concave lens.

FIG. 6 1s an example of a flood-light pattern produced by
the 1llumination device in FIG. 1.

FIG. 7 1s a schematic cross-sectional view of an 1llumi-
nation device according to a second embodiment of the
invention.
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FIG. 8 1s a schematic cross-sectional view of an illumi-
nation device according to a third embodiment of the
invention.

FIG. 9 1s a schematic cross-sectional view of an i1llumi-
nation device according to a fourth embodiment of the
1nvention.

DESCRIPTION OF TH.

(L.
L]

EMBODIMENTS

Reference will now be made in detail to the present
embodiments of the mnvention, examples of which are 1llus-
trated in the accompanying drawings. Wherever possible,
the same reference numbers are used in the drawings and the
description to refer to the same or like parts.

FIG. 1 1s a schematic cross-sectional view of an 1llumi-

nation device according to a first embodiment of the inven-
tion. Referring to FIG. 1, an 1llumination device 10 1n this
embodiment includes a light source array 100 and a micro-
lens array 200. The light source array 100 includes a
plurality of light sources 110 arranged 1n an array. In this
embodiment, the light source 110 i1s laser sources. For
example, the light source 110 1s a vertical cavity surface
emitting laser (VCSEL). However, 1n other embodiment, the
light source array 100 may be a laser diode array, and the
light sources 110 are laser diodes, respectively.
In this embodiment, the microlens array 200 includes a
plurality of microlenses 210 arranged in an array. The
illumination device 10 satisfies the following conditional
expressions so as to produce structured light: z=z0+dz=(m'/
2)*¥(P*/) and z0=(m/2)*(P%/A), where z is a distance
between the light source array 100 and the microlens array
200 along a central axis C of the microlens array, P 1s a lens
pitch of the microlens array 200, 2 1s a wavelength of the
light sources 110, m 1s an 1nteger and m' 1s a non-integer
number. The i1llumination device 10 also satisfies 1%=dz/
70=3% (or 1.01=m''m=1.05) or -5% dz/z0=-1% (or
0.95=m'/m=0.99).

In this embodiment, the 1llumination device 10 has regu-
lar lens pitch and regular light-source pitch. That 1s, the lens
pitch P between any two adjacent microlens is the same, and
the light-source pitch P2 between any two adjacent light
sources 1s also the same.

In this embodiment, the 1llumination device 10 satisfies
K*P2=N*P, where K 1s an integer and N 1s an integer.

TABLE 1

lens # of dots in
pitch P Z() dz Z 67 x 33

(um) m  (mm) (pm) (mm) (degree”)

37.2 2 1.472 40 1.512 5145

37.2 3 2.208 50 2.258 3822

37.6 3 2.256 30 2.286 3R7R

3R 2 1.536 30 1.566 5328

38 3 2.304 30 2.334 3948

FIG. 2 1s a broken line graph of average dot size vs. dz of
the illumination device according to the embodiments of
FIG. 1. Table 1 shows the conditions of the best (smallest)
average dot size of structured-light pattern 1n different lens
pitch of the 1llumination device according FIG. 2. FIG. 3 1s

an example of a structured-light pattern produced by the
illumination device in FIG. 1. In FIG. 2, FIG. 3 and Table 1,

A 15 940 nm. In FIG. 3, P=P2=3"7.6 um, m=3, dz=30 um, and
the screen size is 940x940 mm”. Referring to FIG. 2, FIG.
3 and Table 1, the structured-light pattern produced by the
illumination device 10 has higher quality.
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FIG. 4 1s an example of a simulated spot diagram pro-
duced by one of the microlenses of the illumination device
in FIG. 1 when the microlens 1s convex lens. FIG. 5 1s an
example of a simulated spot diagram produced by one of the
microlenses of the i1llumination device in FIG. 1 when the
microlens 1s concave lens. The simulated software in FIGS.
4 and 5 could be such as Zemax. Moreover, the screen size
is 40x40 mm~>. In FIG. 4, P=P2=37.2 um, m=3, z0=2.208
mm, dz=50 um, z=2.258 mm, 3611 of dots in 51x65 degree”,
the maximum dot size 1s 0.293 degree and the average dot
s1ze 1s 0.156 degree. However, 1n FIG. 4, the maximum dot
s1ze 1s 0.816 degree and the average dot size 1s 0.526 degree
when z=z0 (1.e., dz=0). In FIG. 5, P=P2=37.2 um, m=3,
70=2.208 mm, dz=0 um, z=2.208 mm, 3445 of dots 1n 51x65
degree”, the maximum dot size is 0.307 degree and the
average dot size 1s 0.192 degree. Furthermore, a range of
distribution of dots 1 FIG. 5 1s larger than a range of
distribution of dots in FIG. 4, which implies an optical
aberration 1n FIG. 5 1s larger than an optical aberration 1n
FIG. 4. Referring to FIGS. 4 and 5, 1n an embodiment, the
microlenses 210 may be convex lenses or concave lenses,
wherein the illumination device 10 has better performance
when the microlenses 210 are adopted as convex lenses.
Moreover, when the microlenses 210 are adopted as convex
lenses and the optimal dz 1s chosen, both the maximum dot
s1ze and the average dot size are smaller than dz=0.

Based on the foregoing, because the 1llumination device
10 1n the embodiments of the disclosure satisfies the con-

ditional expressions of z=z0+dz and z0=(m/2)*(P*/)\) and
the 1llumination device 10 further satisfies 1%=dz/z0<3% or
-5%=dz/7z0=—1%, when the optimal dz 1s chosen, the illu-
mination device 10 could produce structured light pattern

with higher quality. That 1s, the optimal dz 1s chosen to
compensate the optical aberration of the microlenses 200
due to the non-1deal optical element, the illumination device
10 therefore could produce structured light pattern with
higher quality.

Furthermore, the i1llumination device 10 could also pro-
duce tlood light. The 1llumination device 10 producing flood
light 1s similar to the illumination device 10 producing

structured light, and thus the descriptions of the same parts
are omitted herein. Main differences between the 1llumina-
tion device 10 producing flood light and the i1llumination
device 10 producing structured light are as below. Referring
to FIG. 1 again, in this embodiment, the illumination device
10 satisfies 5%<dz/z0<20% or —20%=dz/z0<-5%.

In this embodiment, the 1llumination device 10 has regu-
lar lens pitch and satisfies P2=N*P, where N 1s an integer. In
another embodiment, the illumination device 10 has random
light-source pitch.

In this embodiment, wavelengths A of the light sources
110 are the same. In another embodiment, the light sources
110 of the 1llumination device 10 could have a plurality of
different wavelengths A. When the 1llumination device 10 1s
designed to have diflerent wavelengths A, stripe of the flood
pattern provided by the 1llumination device 10 would be less
obvious and thus the flood pattern would be smoother.

FIG. 6 1s an example of a flood-light pattern produced by
the 1llumination device in FIG. 1. In FIG. 6, P=40 um, P2 are
random values, m=3, z0=2.553 mm, dz=-300 um, z=2.253
mm and the screen size is 940x940 mm?*. Referring to FIG.
6, based on the foregoing, because the illumination device
10 1n the embodiments of the disclosure satisfies the con-
ditional expressions of z=z0+dz and z0=(m/2)*(P*/A) and
the 1llumination device 10 further satisfies 5%<dz/z0=20%




US 11,085,609 Bl

S

or —20%=dz/z0<-5%, when the optimal dz i1s chosen, the
illumination device 10 could produce flood light pattern with
higher quality.

FIG. 7 1s a schematic cross-sectional view of an 1llumi-
nation device according to a second embodiment of the
invention. Referring to FIG. 7, the 1llumination device 10' of
this embodiment 1s similar to the 1llumination device 10 of
FIG. 1, and the main difference therebetween 1s that the
illumination device 10' includes a first sub-1llumination
device 10A and a second sub-illumination device 10B
configured to produce tlood light. The first sub-1llumination
device 10A 1s similar to the i1llumination device 10 produc-
ing structured light, and includes a first light source array
100A and a first microlens array 200A. The details of the
first light source array 100A, the first light sources 110A, the
first microlens array 200A and the first microlenses 210A
and the relationship between each other have been described
in abovementioned embodiment, and will not be repeated
here. Furthermore, the first sub-illumination device 10A

satisfies the following conditional expressions so as to
produce structured light: z1=z0+dz=(m'/2)*(P11%/)) and

z0=(m/2)*(P11°/A1), where z1 is a distance between the first
light source array 100A and the first microlens array 200A
along a central axis C1 of the first microlens array 200A, P11
1s a lens pitch of the first microlens array 200A, Al 15 a
wavelength of the first light sources 110A, m 1s an integer

and m' 1s a non-integer number. The first sub-1llumination
device 10A also satisfies 1%=dz/z0=3% (or 1.0l=m"/

m=1.05) or —5%=dz/z0=-1% (or 0.95=m'/m=0.99).

In this embodiment, the second sub-illumination device
10B 1s similar to the i1llumination device 10 producing flood
light, and 1ncludes a second light source array 100B and a
second microlens array 200B. The details of the second light
source array 100B, the second light sources 110B, the
second microlens array 200B and the second microlenses
210B and the relationship between each other have been
described 1n abovementioned embodiment, and will not be
repeated here.

In this embodiment, the first sub-1llumination device 10A
has regular lens pitch and regular light-source pitch. More-
over, the first sub-i1llumination device 10A satisfies
K*P21=N*P11, where P21 1s a light-source pitch of the first
light source array 100A, K 1s an integer and N 1s an integer.
In this embodiment, the first light source array 100A and
the second light source array 100B are coplanar. The first
microlens array 200A and the second microlens array 2008
are also coplanar. That 1s, the i1llumination device 10' satis-
fies z1=z2, where z2 1s a distance between the second light
source array 100B and the second microlens array 200B
along a central axis C2 of the second microlens array 200B.

In this embodiment, the second sub-illumination device
10B has regular lens pitch and satisfies P11=P12, where P12
1s a lens pitch of the second microlens array 200B. More-
over, the second sub-illumination device 10B has random
light source pitch, or has regular light source pitch satisfies
P22=N*P12, where P22 1s a light-source pitch of the second
light source array 100B and N 1s an integer. In an embodi-
ment, A1=A2, where A2 1s a wavelength of the second light
sources 110B. However, the disclosure 1s not limited thereof.
In another embodiment, A1=A2.

In a similar embodiment, the second sub-1llumination
device 10B has random lens pitch, and satisfies P12=P11,
where P12 1s a lens pitch of the second microlens array
200B. Moreover, the second sub-illumination device 10B
has random light-source pitch. However, the disclosure 1s
not limited thereof. In another embodiment, the second
sub-1llumination device 10B has regular light-source pitch.
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Based on the foregoing, because the 1llumination device
10' 1n the embodiments of the disclosure includes first
sub-1llumination device 10A and second sub-1llumination
device 10B configured to produce ftlood light, the first
sub-1llumination device 10A satisfies the conditional expres-
sions of z1=7z0+dz and z0=(m/2)*(P11°/\1), and the first
sub-1llumination device 10A further satisfies 1%=dz/z0=5%
or —53%=dz/'z0=—1%, when the optimal dz is chosen, the
illumination device 10' could both produce structured light
pattern with higher quality and produce flood light with
higher quality. Since both the first light source array 100A
and the second light source array 100B are on the same plane
and both the first microlens array 200A and the second
microlens array 200B are also on the same plane, the
illumination device 10' 1s easier for assembly.

FIG. 8 1s a schematic cross-sectional view of an illumi-
nation device according to a third embodiment of the
invention. Referring to FIG. 8, the illumination device 10"
ol this embodiment 1s similar to the 1llumination device 10
of FIG. 7, and the main difference therebetween 1s that, in
the 1llumination device 10", the first microlens array 200A
and the second microlens array 2008 are coplanar, and the
second sub-1llumination device 10B satisfies 5% <(z1-z2)/
7z1=20% or —20%=(z1-22)/21<-5%. That 1s, the first light
source array 100A and the second light source array 100B
are not coplanar.

In this embodiment, the second sub-1llumination device
10B has regular lens pitch and satisfies P11=P12. Moreover,
the second sub-illumination device 10B has random light
source pitch, or has regular light source pitch satisfies
P22=N*P12. Since P11 and P12 are the same, only a single
microlens-array design 1s needed. When the optimal z1-z2
1s chosen, stripe of the flood pattern provided by the 1llu-
mination device 10" would be less obvious and thus the
flood pattern would be smoother.

FIG. 9 1s a schematic cross-sectional view of an 1llumi-
nation device according to a fourth embodiment of the
invention. Referring to FIG. 9, the 1llumination device 10
of this embodiment 1s similar to the 1llumination device 10"
of FIG. 8, and the main difference therebetween i1s that, in
the 1llumination device 10™, the first light source array 100 A
and the second light source array 100B are coplanar, and the
second sub-i1llumination device 10B satisfies 5%<(z1-z2)/
71=20% or -20%=(z1-22)/21<-5%. That 1s, the first micro-
lens array 200A and the second microlens array 200B are not
coplanar. The advantage of the illumination device 10" 1s
similar to the advantage of the i1llumination device 10", and
will not be repeated here.

Based on the foregoing, because the 1llumination device
in an embodiments of the disclosure satisfies the conditional
expressions of z=z0+dz and z0=(m/2)*(P>/\) and the illu-
mination device further satisfies 1%=dz/z0<5% or —5%=dz/
70=-1%, when the optimal dz i1s chosen, the 1llumination
device could produce structured light pattern with higher
quality.

Furthermore, because the illumination device 1n an
embodiments of the disclosure satisfies the conditional
expressions of z=z0+dz and z0=(m/2)*(P>/\) and the illu-
mination device {further satisfies 5%<dz/'z0=20% or
-20%=dz/z0<-5%, when the optimal dz 1s chosen, the
illumination device could produce flood light pattern with
higher quality.

Moreover, because the 1llumination device 1n the embodi-
ments of the disclosure includes first sub-1llumination device
and second sub-1llumination device, the first sub-1llumina-
tion device satisfies the conditional expressions of z1=z0+dz

and z0=(m/2)*(P11°/A1), and the first sub-illumination
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device further satisfies 1%=dz/z0<5% or —5%=dz/7z0<-1%,
when the optimal dz 1s chosen, the 1llumination device could
both produce structured light pattern with higher quality and
produce flood light with higher quality.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the disclosed
embodiments without departing from the scope or spirit of
the disclosure. In view of the foregoing, 1t 1s intended that
the disclosure covers modifications and variations provided
that they fall within the scope of the following claims and
their equivalents.

What 1s claimed 1s:

1. An illumination device, comprising;

a light source array comprising a plurality of light sources

arranged 1n an array; and

a microlens array comprising a plurality of microlenses

arranged 1n an array,

wherein the illumination device satisfies the following

conditional expressions so as to produce structured
light: z=z0+dz and z0=(m/2)*(P*/A), where z is a
distance between the light source array and the micro-
lens array along a central axis of the microlens array, P
1s a lens pitch of the microlens array, A 1s a wavelength
of the light sources, m 1s an integer and m' 1s a
non-integer number,

wherein the 1llumination device satisfies 1%=dz/z0=5%

or —5%=dz/z0=-1%.

2. The 1llumination device according to claim 1, wherein
the 1llumination device has regular lens pitch and regular
light-source pitch.

3. The i1llumination device according to claim 1, wherein
the illumination device satisfies K*P2=N*P, where P2 1s a
light-source pitch of the light source array, K 1s an integer
and N 1s an 1nteger.

4. The 1llumination device according to claim 1, wherein
the microlenses are convex lenses or concave lenses.

5. An illumination device, comprising;

a light source array comprising a plurality of light sources

arranged 1n an array; and

a microlens array comprising a plurality of microlenses

arranged 1n an array,

wherein the illumination device satisfies the following

conditional expressions so as to produce flood light:
7z=70+dz and z0=(m/2)*(P*/)), where z is a distance
between the light source array and the microlens array
along a central axis of the microlens array, P 1s a lens
pitch of the microlens array, A 1s a wavelength of the
light sources, m 1s an 1mteger and m' 1s a non-integer
number,

wherein the illumination device satisfies 5%<dz/z0=20%

or —20%=dz/z0<-5%.

6. The 1llumination device according to claim 3, wherein
the i1llumination device has regular lens pitch and satisfies
P2=N*P, where P2 1s a light-source pitch of the light source
array and N 1s an integer.

7. The 1llumination device according to claim 3, wherein
the 1llumination device has random light-source pitch.

8. The 1llumination device according to claim 3, wherein
the microlenses are convex lenses or concave lenses.

9. An illumination device, comprising;

a first sub-1llumination device, comprising:

a first light source array comprising a plurality of first
light sources arranged 1n an array; and

a first microlens array comprising a plurality of first
microlenses arranged in an array,

wherein the first sub-1llumination device satisfies the
following conditional expressions so as to produce
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structured light: z1=z0+dz and z0=(m/2)*(P11°/A1),
where z1 1s a distance between the first light source
array and the first microlens array along a central
axis of the first microlens array, P11 1s a lens pitch of
the first microlens array, A1 1s a wavelength of the
first light sources, m 1s an integer and m' 1s a
non-integer number,
wherein the first sub-i1llumination device satisfies
1%=dz/z0<5% or -5%=dz/7z0=<-1%: and
a second sub-illumination device configured to produce
flood light, comprising:
a second light source array comprising a plurality of
second light sources arranged in an array; and
a second microlens array comprising a plurality of
second microlenses arranged 1n an array.
10. The 1llumination device according to claim 9, wherein
the first sub-i1llumination device has regular lens pitch and

regular light-source pitch, and the first sub-i1llumination
device satisfies K¥P21=N*P11, where P21 1s a light-source
pitch of the first light source array, K 1s an integer and N 1s
an integer.

11. The 1llumination device according to claim 9, wherein
the first light source array and the second light source array
are coplanar, the first microlens array and the second micro-
lens array are coplanar, and the 1llumination device satisfies
z1=z2, where z2 1s a distance between the second light
source array and the second microlens array along a central
axis of the second microlens array.

12. The illumination device according to claim 11,
wherein

the second sub-i1llumination device has regular lens pitch

and satisfies P11=P12, where P12 1s a lens pitch of the
second microlens array;

the second sub-i1llumination device has random light

source pitch, or has regular light source pitch satisfies
P22=N*P12, where P22 1s a light-source pitch of the
second light source array and N 1s an integer.

13. The illumination device according to claim 12,
wherein A1=A2, where A2 1s a wavelength of the second
light sources.

14. The illumination device according to claim 12,
wherein A1=A2, where A2 1s a wavelength of the second light
sources.

15. The illumination device according to claim 11,
wherein

the second sub-1llumination device has random lens pitch,

and satisfies P12=P11, where P12 1s a lens pitch of the
second microlens array.

16. The illumination device according to claim 185,
wherein the second sub-i1llumination device has random
light-source pitch.

17. The illumination device according to claim 135,
wherein the second sub-illumination device has regular
light-source pitch.

18. The 1llumination device according to claim 9, wherein

the second sub-1llumination device has regular lens pitch

and satisfies P11=P12, where P12 1s a lens pitch of the
second microlens array;

the second sub-i1llumination device has random light

source pitch, or has regular light source pitch satisfies
P22=N*P12, where P22 1s a light-source pitch of the
second light source array and N 1s an integer.

19. The illumination device according to claim 18,
wherein the first microlens array and the second microlens
array are coplanar, and the second sub-i1llumination device

satisfies 5%<(z1-z2)/z1=20% or -20%=(z1-22)/z1<-5%,
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where z2 1s a distance between the second light source array
and the second microlens array along a central axis of the
second microlens array.

20. The illumination device according to claim 18,
wherein the first light source array and the second light
source array are coplanar, and the second sub-illumination
device satisfies 3% <(z1-z2)/z1=20% or -20%=(zl1-z2)/
z1<-3%, where z2 1s a distance between the second light
source array and the second microlens array along a central
axis ol the second microlens array.
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